D ELAYED appearance of the first heart sound was originally described in 1911 by Weiss and Joachim as a phonocardiographic sign of mitral stenosis.' With the advent of valvular surgery and the consequent need for more accurate assessment of mitral stenosis, interest in this observation has been renewed. [2] [3] [4] [5] [6] [7] [8] The measurement of the Q-1 interval, that is the interval between the onset of ventricular depolarization and the first heart sound has been accordingly evaluated as an index of the severity of stenosis. Recent observations in this laboratory have suggested that, in addition, the timing of the first heart sound may be altered in patients with hypertensive vascular disease." The present study was undertaken to gain further information regarding this phenomenon. Q-1 interval of .07 second or greater was considered to represent abnormal delay in the appearance of the first heart sound.
METHOD
The mean Q-1 interval for the patients with mitral stenosis was .08 second ( S. D. ± .01) with a range of .065 to .10 second. The mean Q-1 interval for the hypertensive group was .07 second (S. D. ± .009) with a range of .05 to .085 second, the values falling between the former groups. Of particular significance was the observation that 13 of the 25 hypertensive patients had Q-1 intervals of .07 second or greater.
The mean QRS and R-R intervals for the groups are also shown. The mean QRS interval for the hypertensive group was significantly greater than the normal subjects (p < .01). The length of this interval was poorly correlated with the QRS duration (r = + .07). No significant differences in the R-R intervals were observed.
In 3 of the hypertensive patients the administration of digitalis (Deslanoside, 1.6 mg. intravenously) failed to alter the Q-1 intervals. DISCUSSION The measurement of the time interval between the onset of ventricular depolarization and the first heart sound has yielded somewhat different results in the hands of various investigators (table 2).11 Such variability is due in part to differences in the timing of the onset of ventricular depolarization as judged from arbitrarily chosen standard limb leads, and to the variable inclusion of the initial lowfrequency vibrations of the first heart sound in the measurement. In an attempt to con- trol these factors better in the present study, the standard limb lead demonstrating the earliest onset of ventricular depolarization rather than any single arbitrarily chosen limb lead was employed for the timing of the Q wave, and the initial high-frequency highamplitude vibrations of the first heart sound were selected for the timing of the first heart sound. When these criteria were used, the mean Q-1 interval in the normal group was .055 second (S. D. ± .010). Although the mean is slightly higher than that reported by most previous authors, the range In an attempt to quantitate the delayed appearance of the first heart sound in mitral stenosis, it has been suggested that prolongation of the Q-1 interval to .07 second or greater, in the absence of bundle-branch block, be considered as strong evidence in favor of significant mitral stenosis.4 In view of the present observations, however, we must modify our concept of the specificity of this finding, for it would appear that pathologic processes other than valvular stenosis can delay closure of the atrioventricular valves.
The present data do not elucidate the mechanism for the delayed appearance of the first heart sound in the hypertensive patient. Prolongation of the Q-1 interval might result from a slowing of either electric or mechanical events between the onset of depolarization and the appearance of the first heart sound. With respect to the former, prolongation of the depolarization process as evidenced by a significantly increased QRS interval was observed in the hypertensive group. However, only a poor correlation existed between the duration of depolarization and the Q-1 interval, indicating that other factors of a mechanical nature must also play a role. The lack of clinical evidence for congestive heart failure in the patients studied as well as the failure of digitalis to alter the Q-1 interval in 3 of the hypertensive subjects would tend to dismiss myocardial failure as an important factor. Another plausible explanation for the delayed first heart sound is a diminution in the rate of pressure rise during early ventricular systole. Although such a mechanism has been observed in patients with myocarditis,4 there is presently no evidence of similar changes in patients with hypertension or ventricular hypertrophy. The delayed appearance of the first heart sound in hypertensive patients helps in part to explain the frequent occurrence of an atrial gallop sound in these individuals.13
Present evidence is consistent with the thesis that the gallop is produced by a separation of the early atrial components from the later major vibrations of the first heart sound. 9 The delayed appearance of the major vibrations of the first sound results in further separation of the 2 
